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Previously we have shown that a four-dimensional Kerr—Bolt black hole in non-extremal and also in extremal cases
could be described by a holographic two-dimensional (2D) conformal field theory (CFT) [Ghezelbash A M, Kamali V
and Setare M R 2010 Phys. Rev. D 82 124051; Setare M R and Kamali V 2010 JHEP 10 074]. Motivated by recent
work [Chen C M, Huang Y M, Sun J R, Wu M F and Zou S J 2010 Phys. Rev. D 82 066004], we show that there is
another holographic description for these black holes. The first description is called the J-picture, whose construction is

based on the black hole angular momentum. The new description is called the @-picture, whose constructions originate
from the nut charge of the black hole. Similar to the previous cases [Ghezelbash A M, Kamali V and Setare M R 2010
Phys. Rev. D 82 124051; Setare M R and Kamali V 2010 JHEP 10 074], we show that this new picture for a low
frequency limit of the wave equation of a massless charged scalar field in the background of a Kerr—Bolt black hole can

be written as the Casimir of SL(2, R) symmetry. Our result shows that the entropy of the black hole is reproduced by

the Cardy formula. In addition, the absorption cross section is consistent with the finite temperature absorption cross

section for a two-dimensional CFT.
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1. Introduction

According to the Kerr/conformal field theory

(CFT) correspondence,!!]

the microscopic entropy of a
four-dimensional (4D) extremal Kerr black hole can be
calculated by studying the dual chiral conformal field
theory associated with the diffeomorphisms of the near
horizon geometry of a Kerr black hole. The Kerr/CFT
correspondence has been used in Ref. [2] to find the
entropy of dual CFT for four and higher dimensional
The Kerr—

Newman black holes in (A)dS spacetimes have been

Kerr black holes in AdS spacetimes.

considered in Ref. [3]. This correspondence was firstly
supported by the mach of the microscopic entropy
counting with the macroscopic Bekenstein—-Hawking
entropy, and moreover supported by the agreement of
the superradiant scattering amplitudes with the dual
CFT prediction.[*—8!

Recently, Castro, Maloney and Strominger®! have
provided evidence that the physics of Kerr black holes
might be captured by a CFT. The authors have dis-
cussed that the existence of conformal invariance in
near horizon geometry is not a necessary condition,

instead the existence of a local conformal invariance in
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the solution space of the wave equation for the prop-
agating field is sufficient to ensure a dual CFT de-
scription. In the microscopic description, using the
Cardy formula for the microscopic degeneracy, they
reobtained the Bekenestein—-Hawking entropy of the
black hole. Due to the interest in these types of inves-
tigations, the holographic descriptions of other kinds
of black holes have been studied in Refs. [10]-[25].
More recently, the authors of Ref. [26] (see also
Ref. [27]), have shown that there are two different in-
dividual two-dimensional (2D) CFTs holographically
dual to the Kerr—Newman black hole, coming from the
corresponding two possible limits, the Kerr/CFT and
These
twofold holographic descriptions, called J-picture and

Reissener-Nordstrom/CFT correspondences.

Q-picture respectively for Kerr/CFT and Reissener—
Nordstrom/CFT correspondences. The first descrip-
tion, in view of the angular momentum, has been dis-
cussed in Refs. [28] and [29] for a Kerr—Bolt black hole
in non-extremal and extremal cases, respectively. In
this paper, we will study the holographic description of
a Kerr—Bolt black hole in non-extremal and extremal
cases using the @-picture.

The paper is organized as follows. In Section 2,
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we first review some basic properties of a Kerr—Bolt
black hole, then we study the scattering process of
a probe massless charged scalar field propagating in
In Section 3, we study the hidden
conformal symmetry of this black hole by analysing

its background.

the wave equation of the scalar field. Then we repro-
duce the Bekenstein—Hawking entropy by the Cardy
formula of the dual conformal field. In Section 4, the
absorption cross section is investigated and, finally,
the last section is devoted to the conclusion.

2. Description of a Kerr—-Bolt
black hole

For a four-dimensional (4D) Kerr—Bolt black hole,
with mass M, angular momentum J = Ma, and nut
charge n, its metric takes the following form

A
ds? = —p—Q[dt + (2ncosf — asin? §)dyp)?

.2
sin” ¢
+ T[Gdt — (r? 4+ n? +a?)dy]?

p2 d?"2
A

+ + p2de?,

where

0> =712+ (n+acosh)?

A=7r%—2Mr+a® —n? (2)

which are exact solutions of the Einstein equations.?"!
The gauge field is

nr .
A= f?[dtJr (2n.cosf — asin?0)dyp). (3)

There are two horizons located at
re =M+ /M2 —a?+n2

The angular velocity and the Bekenstein—-Hawking en-

(4)

tropy are respectively as follows:
a
r2 +n2+ a2’
+

S =n(r +a*+n?).

On =
(5)

For a complex massless scalar field with charge g,
the Klein—Gordon equation is

(Vo+igA,)(VF +igA")d = 0. (6)

The wave equation can be simplified by assuming the
following form of the scalar field

®(t,1,0, p) = exp(—iwt +ime)S(O)R(r),  (7)

where w and m are the quantum numbers. In the non-
extremal and low frequency limit ryw < 1, the radial
equation could be simplified as

O ((r =ry)(r —r_)0-R(r))
(ma — w(r? + a® + n?) + qnry)?
(r—ry)(ry —r)
3 (ma — w(r? +a? +n?) + qnr_)?

(=) =)

R(r)

= \R(r). (8)

It would be interesting to study the radial equa-
tion in the extremal limit. In this case A = (r —r;)?
and the radial equation could be simplified as

2w(r? + a® + n?) — ma — gqnry ] (2wry — ng)

Or((r = 74))0:R(r) +

[w(rd + a® + n?) — ma — ngry]?

r—=r4

(9)

(r=rep

Following Ref. [26] there is twofold 2D conformal sym-
metry encoded in the solution space of the above equa-
tions. By assuming ¢ = 0 in Egs. (8) and (9), one
can find a hidden conformal symmetry from the ra-
dial equation. This leads to a holographic description
of the Kerr—Bolt black hole in non-extremal and ex-
tremal limits, as shown in Refs. [28] and [29], respec-
tively. In addition, in the radial equations (Egs. (8)
and (9)) one may set m = 0 as well. This leads to an-
other holographic description of the Kerr—Bolt black
hole, which will be called Q-picture.

+ CR(r) =0.

3. Hidden conformal symmetry
in the Q-picture
In order to study the hidden conformal symme-

try, we need to introduce the following coordinates for

non-extremal black holel®!

wh =,/ ; : :+ exp(2rTix + 2nkt), (10)
wo = r::+ exp(2rT{x + 2nit), (11)
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v =1/ (T + Tx o+ (i + n)t)- (12)

Following Ref. [9], we define left and right moving
vectors by

H, =id,, (13)

Hy=1i (w+8+ + ;yﬁy), (14)

H_ i =i((wh)?04 +wTyd, — y?0-), (15)

Hy =10, (16)

Ho =i (w—a_ + ;y8y>, (17)

Hoy=i((w7)?0- +w7ydy —y°04),  (18)

for which each satisfies the SL(2, R) algebra

[Ho, H41] = FiH+1, [H-1,Hi)=—-2iH,, (19)

and
[Ho, Hiq] = [H_1,H] =

i, 24 Hy. (20)

The quadratic Casimir is
_ 1
H?=H?=—-H: + §(HlH,1 + H_Hy)
1
= 1(3/23; —y9y) +y?0;.0-. (21)

In terms of (r,t, ¢), the Casimir becomes

2= (=) S e =)
= (r=r)r=r-)z3 rerp oo
2
re—r_ (T —T§ n{ —nk
* 7"—7“_< P O = TP %
2
re—r_ (T{ +T§ ni +nk
— 0y — 17) 22
rr+< p P ¥ (22)

where P = 4(Tfn§ — Tin{). For the Q-picture de-
scription one should turn off the ¢-direction momen-
tum mode, by imposing m = 0, and the radial equa-

tion in non-extremal limit, becomes

Or((r —ry)(r = r-)0r (T))
(74 /DBy + (12 + @ +02)3,)’
(r—r)(rs =)
((nr— /D0y — (r2 + a® 4+ n?)0;)?
(= )rs =)
= AR(r). (23)

R(r)

Operator 0, acts on the internal space of U(1)
symmetry of the complex scalar field and its eigen-
value is the charge of the scalar field 0,,® = ilq®. The

parameter [ is a varying constant, as we will see the

central charges and the temperatures are parameter-
ized by it. The radial equation is the Casimir operator

Eq. (22), acting on ¢ with the following identifications

g T4+ g T4 —T—
LT T 0 "RT T o

. L3 412 +2(a® +n?))
TL: )

4mn3
r2 —r?

T ="+ = 24

R 43 ( )

For the extremal black hole we should use the fol-

lowing conformal coordinatel®!]

117% )7 (25)

1 2
wT == (exp(QWTLX + 2npt) — ), (26)
2 ga!

Y=/ n exp(mTLx + nit). (27)
r—=r4

Then the corresponding SL(2,R)
Casimir is

1
wt = <a1t+ﬁlx+
2 T

quadratic

H? = 0,(40,) - (%(%TL@ - anaX)>2

Alr —ry)

_ 2’}/1(27TTL815 — QTlLax) _
A2(T _ ,r+) (618t alax)' (28)

where A = 277,000 — 2n,01 and A =

the Q-picture, we set m = 0 and rewrite the radial

(r—ry)% In

equation as
H?R(r) = H*R(r) = —CR(r), (29)
then equation (9) becomes to
0 ((r —14)*)0,R(r)
2[ w(r? +a? +n?) — qnry ] (2wry — ng)

r—r4
N [w(r? + a? + n?) — ngry|?
I

Equations (29) and (30) are equal to the following

+CR(r) =0. (30)

identification
q 71 q _ Ty
A=z T g
21 1(r2 + a? 4+ n?
(11_ 7137“+7 Tf _ ( + ) (31)
n 27n3

The left-temperature T} and n{ are consistent with
Eq. (24
microscopic description of the black hole we need to
determine the central charge of the dual CFT. We

start from the near extreme black hole and consider

) in the extremal limit. In order to have a

its near-horizon geometry.!*! Similar to the Kerr case,
we have the following coordinate transformation
Ty +r_

r= 5 + ergr,

i —Tr_ = [ery,
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70 - arg .

0
L P R — )
€ v w+e(r3+a2—|—n2) (32)

then we have the near-horizon geometry of a near-

extremal Kerr—Bolt black hole in the limit ¢ —
0[4,32,33]

ds? :F(0)<— <r—‘2‘> <f+g>d£2

dr?
+ - +a(9)d02)
G5+ 5)
x v(0)(dp 4+ Prdi)?, (33)
where
pir% 7“_% +a? +n?
r)=—5—5——>5 o)=—F5—:,
ry+a*+n i
02902 2 2)2
sin® 0(r2 + a® + n?)
7(0) = - 5 o 5
P10
p— arg(ry +7r-)

(r3 +a?+n?)?’

pi = ri + (n+acosh)?, 12= ri +a? +n? (34)

Through a translation 7 — 7 + p/2 the above metric
changes to the original form of the near-NHEK geom-
etry given in Ref. [4]. We should emphasize that the
singularities in the metric Eq. (1) as well as in Eq. (33)
at the poles have a more complicated structure than
that belonging to the familiar spherical coordinates
for sphere S2. These two string singularities should
be removed by two separate identifications. Further
identification is needed to remove the singularity at
the horizon of Eq. (1) and all of the identifications
Despite the detailed study of

these three compatible identifications for Kerr—Bolt

must be compatible.

spacetimes, 3934 there are no known explicit compat-
ible identifications for Kerr—Bolt spacetimes with the
cosmological constant. So, we proceed our calculation
to find the central charge of dual CFT to the geometry
of Eq. (33), which should be singularity-free after im-
posing compatible identifications. We leave studying
the identifications of Eq. (1) for a future article.

The near horizon gauge field is

Apy = f(0)(d¢ + prdi) (35)

n(ry +a® +n?)(r? — (a® +n?) cos? 0)
Palrs 1) |

f(0)= (36)

In order to obtain central charge in Q-picture we need

to uplift the geometry to five dimensions

ds® = dsgy + (dy + Ap)?, (37)

where ds}y; is the four-dimensional (4D) near horizon
metric Eq. (1) and y is the fiber coordinate with pe-

riod 27l. There is a degree of freedom in the gauge

potential
App — Ap +cd (38)
with
2
- @)
so that
Ap) = (f(0) — <)d@ + f(0)prdi. (40)

Following Ref. [19],
computed from five-dimensional (5D) generalization
Eq. (37)

CcL = (¥ = 37% ’ d0\/T(0)a(0)7(6) = 6T”3 (41)
0

Here we assume that the left and right central charges

the central charge can be

should be the same, similar to the Kerr case, then
the CFT microscopic entropy matches the Bekenstein—

Hawking area entropy of the Kerr—Bolt black hole

2
Stpr = 5 (CLT{ + CATS) = n(r’ +a* +n°). (42)

4. Scattering in Q-picture

As what we did for the J-picture in Refs. [28] and
[29], we are going to study the scattering process to
find further support for the duality. The solutions of
Eq. (8), with m = 0, also include the ingoing and

outgoing modes

Riqn =27 1% (1 = 2)P1 F(ag, by, g 2),
Rgut — Ziaq(l _ Z)B;F(a* b* C*'Z). (43)

q’7q Q)

As like the case in the J-picture,
hi =hf =L +1. (44)

Hence the coefficient a, and b, can be expressed in

terms of the conformal weight
WL,

q WR .
i3>
2Ty

ag = R_1M7 by = hi —

(45)

the @] and @ are composed by frequencies (wf, wi),
charges (¢f, ¢f), and chemical potentials (u{, pk) as

Of =Wl —gipr, Or=wg—drpg  (46)
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with

Lo (e £ro)(rf 412 +2(a” 4 n?)) ¢ =g
L 2n3 ¢k ’

Lo Wl + ) + 02 +2(a® + n?) ¢ =q
R 2n3 TR ’
g L3 412 +2(a® +n?))

My, = 22 !

Z(T_A,_ + 7,_)2
I FER o

The absorption cross section can be read out directly

from the conjugate charges in this picture

P,bs ~ sinh(2may) | I'(aq) 1% I'(by) 1. (48)

To see explicitly that P, matches the microscopic
grey body factor of the dual CFT, we need to identify
the conjugate charges, dFy, and d Fr defined by

SE!  OE%
From the first law of black hole thermodynamics
THésBH =0M — @Hn — QHéJ, (50)
and
(5EL = Wi, (5ER = WR, (51)
the absorption cross section can be expressed as
Pabs ~ (I7)*MH(Tg)
od ~4 o4 2
inh ( % + = || T hf + 57
X sin <2Tf + 2T§>' ( L+1271'Tf
¢ Ok \[
I'(h i— 52

which is the finite temperature absorption cross sec-
tion for 2D CFT.

5. Conclusion

In this paper, we have investigated the hidden
conformal symmetry of extremal and non-extremal
Kerr—Bolt black holes in a holographic @Q-picture.
We solved the wave equation of a massless charged
scalar field in the background of Kerr—Bolt spacetimes
in non-extremal and extremal cases respectively and
found that in the near region, the wave equation can
be written in terms of the SL(2, R) quadratic Casimir.
Our results show that the absorption cross section is

consistent with the finite temperature absorption cross

section for a 2D CFT. The entropy of the black hole is
reproduced by the Cardy formula. So, in our interest-
ing background a probe scalar field at low frequencies
can exhibit two different 2D conformal symmetries in
its equation of motion. Therefore, one can say that
there are two different individual 2D CFTs holograph-
ically dual to the Kerr—Bolt black hole, coming from
the corresponding two possible limits. Previously we
have investigated the J-picture of these spacetimes in
Refs. [28] and [29]. In the present paper we have con-
sidered the Q-picture. So we considered the charged
scalar field with m = 0, where the radial part of the
wave equation can be written again as the Casimir
of SL(2, R)r x SL(2, R)L. In these two different pic-
tures, the expression of the central charges and the

temperatures of the dual CFTs have different forms.
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